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Using quasi-partile models, lattie data an be mapped to nite hemial po-
tential. By omparing a simple and an HTL quasi-partile model, we derive the
general trend that a full inlusion of the plasmon eet will give.
1. Introdution
The equation of state (EOS) of deonned matter was determined per-
turbatively to order α
5/2
s in QCD
1,2
; however, due to the large oupling
and strong renormalization sheme dependenies, perturbative methods are
plagued by bad onvergene properties that make them fail in the region
of physial interest; learly, non-perturbative approahes are needed.
For zero quark hemial potential µ = 0 lattie QCD alulations
are seemingly up to the task of determining the EOS for a quark-gluon
plasma at nite temperature, and although reently
3,4,5
there has been
some progress also for non-vanishing µ, the determination of the EOS for
old dense matter, whih is of importane in astrophysial situations
6,7,8,9
,
is urrently not possible by means of lattie alulations.
As a remedy for the situation, Peshier et al.
6
suggested a method whih
an be used to map the available lattie data for µ = 0 to nite µ and small
temperatures by desribing the interating plasma as a system of massive
quasi-partiles (QPs); setion 2 gives a short review of this tehnique. While
in their simple QP model the (thermal) masses of the quarks and gluons are
approximated by the asymptoti limit of the hard-thermal-loop (HTL) self-
energies, we make use of the full, momentum-dependent HTL self-energies
in our model (whih will be presented in setion 3). This
10,11
amounts
to inluding more of the physially important plasmon-eet than in the
simple QP model, so we expet our result to show the general trend of the
orretion that a full next-to-leading order (NLO) alulation of the self-
energies (whih is work in progress) would add to the result from Peshier
1
2et al. In setion 4 we ompare the results obtained from the two models
and present our onlusions as well as an outlook in setion 5.
2. Mapping lattie data to nite hemial potential using
QP models
Assuming a plasma of gluons and Nf light quarks in thermodynami equi-
librium an be desribed as an ideal gas of massive quasi-partiles with
residual interation B, the pressure of the system is given by6
P (T, µ) =
∑
i=g,q
pi(T, µi(µ),m
2
i )−B(mg,mq), (1)
where the sum runs over gluons (g), quarks and anti-quarks (q) with respe-
tive hemial potential 0,±µ; pi are the model dependent QP pressures and
mi are the QP masses, whih are funtions of the eetive strong oupling
G2(T, µ).
Using the stationarity of the thermodynami potential under variation of
the self-energies and Maxwell's relations
6
, one obtains a partial dierential
equation for G2,
aT
∂G2
∂T
+ aµ
∂G2
∂µ
= b, (2)
where aT , aµ and b are oeients that are given by integrals depending on
T, µ and G2. Given a valid boundary ondition, a solution for G2(T, µ) is
found by solving the above ow equation by the method of harateristis;
oneG2 is thus known in the T, µ plane, the QP pressure is xed ompletely.
The residual interation B is then given by the integral
B =
∫ ∑
i
∂pi
∂m2i
(
∂m2i
∂µ
dµ+
∂m2i
∂T
dT
)
+B0, (3)
where B0 is an integration onstant that has to be xed by lattie data
(usually by requiring P (Tc, µ = 0) = Plattice(Tc)). Motivated by the fat
that at µ = 0 and T ≫ Tc the oupling should behave as predited by the
perturbative QCD beta-funtion, ref.
6
used the ansatz
G2(T, 0) =
48pi2
(11Nc − 2Nf ) ln T+TsTc λ
. (4)
The parameters λ and Ts are determined by tting the entropy of the model
(whih is independent of B) to available lattie data at µ = 0. Using (4)
as boundary ondition for (2), the above proedure allows one to map the
lattie EOS from µ = 0 to the whole T, µ-plane.
33. HTL QP model
Doing a perturbative expansion of the QP ontribution to the pressure at
µ = 0 for the simple QP model6 and omparing to the known result2 one
nds that while the Stefan-Boltzmann and leading-order interation terms
are orretly reprodued, only 1/(4
√
2) of the NLO term (the plasmon
eet) is inluded
11
.
Whereas in a simple QP model pg and pq in (1) are just the free pressure
of massive (salar) bosons and fermions, respetively, the HTL-resummed
entropy
10,11
leads to
pg = −dg
∫
d3k
(2pi)3
∫ ∞
0
dω
2pi
n(ω)
[
2Im ln
(
−ω2 + k2 + ΠˆT
)
− 2ImΠˆTReDˆT
+Im ln
(
k2 + ΠˆL
)
+ ImΠˆLReDˆL
]
pq = −dq
∫
d3k
(2pi)3
∫ ∞
0
dω
2pi
(f+(ω) + f−(ω))
[
Im ln
(
k− ω + Σˆ+
)
−ImΣˆ+Re∆ˆ+ + Im ln
(
k + ω + Σˆ−
)
+ ImΣˆ−Re∆ˆ−
]
, (5)
where dg = 2(N
2
c − 1), dq = 2NcNf for gluons and quarks/anti-quarks,
respetively; n(ω) and f±(ω) are the bosoni and fermioni distribution
funtions and DˆT,L, ∆ˆ± are the HTL propagators with ΠˆT,L and Σˆ± the
orresponding self-energies. This inreases the inluded plasmon eet to
1/4 of the known value, the remainder oming from NLO orretions to Πˆ
and Σˆ.
4. Comparisons
To obtain the input parameters Ts and λ we tted the entropy expressions
from both models to lattie data
12
for Nf = 2, normalized and saled
7
.
For the HTL-model one obtains a slightly higher value of λHTL = 19.4
than in the simple QP model
7
, while Ts turns out to be equal. Requiring
P (Tc) = Plattice(Tc) then xes B
HTL
0 = 0.82; omparisons for B(T, 0) and
the eetive oupling G2 are shown in gures 1 and 2, respetively.
While the numerial values of the oeients aµ and aT in (2) are
approximately equal in the two models, the oeient b turns out to dier
notieably. This dierene is reeted in the shape of the harateristis
(gure 3). Interestingly enough, for harateristis of the simple QP model
starting very near Tc intersetions our
6
, while for the HTL model this is
not the ase (see gure 4).
Integrating the funtion B along the harateristis (3) and adding the
QP ontributions one obtains the pressure in the whole T, µ-plane. The
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Figure 1. G2 at µ = 0 for simple (short-
dashed line) and HTL QP model as
well as the 2-loop perturbative running
oupling
11
in MS (long-dashed line).
1.5 2 2.5 3
-0.2
0.2
0.4
0.6
0.8
1
1.2
T/Tc
B(T, 0)/T 4
Figure 2. Residual interation B/T 4 at
µ = 0 for HTL- and simple QP model
(dashed line).
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Figure 3. Comparison of the shape of
the harateristis (dashed lines indiate
those of the simple QP model).
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Figure 4. Charateristis starting very
near Tc: HTL- and simple QP model
(dashed lines).
result for T = 0 is shown in gure 5, where the two urves are simple ts to
the numerial results
13
. Calulating also the energy density E for T = 0 one
nds that the EOS E(P ) for the HTL-model is nearly the same as for the
simple model
7
. Finally, a omparison between the QP model harateristis
(whih are nearly isobars for small µ) starting at T = Tc ≡ Tc|µ=0 and
reent lattie data for the phase transition line
4,5
is shown in gure 6; the
urvature of the slope for the QP model harateristis, TcdT/dµ
2 ∼ −0.07
oinides with the entral value obtained from one lattie study
5
.
5. Conlusions and Outlook
We have investigated the dierene between a simple and an HTL QP
model at nite hemial potential: although the latter inorporates only
slightly more of the plasmon term, there are onsiderable dierenes in the
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Figure 5. The pressure as a funtion of
µ at T = 0 (dashed line orresponds to
the simple QP model).
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Figure 6. Comparison of the QP model
harateristis (thik line) to reent lat-
tie results for the phase transition
(light
5
and dark
4
gray region).
harateristis of the ow equation that eliminate the ambiguities of the so-
lutions for the simple QP model
6
. The dierenes for the thermodynamial
quantities are small (even for large µ), whih seems to reet the fat that
these are proteted by the priniple of stationarity. However, they should
indiate the trend that an inlusion of the full plasmon term will give. It
is enouraging that a rst omparison of the QP models and reent lattie
results for nite µ . T shows some agreement (more extensive studies are
in progress).
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